Evaluating the degree of malignancy of a massive lesion on the basis of the mere visual analysis of the mammogram is a non-trivial task. We developed a semi-automated system for massive-lesion characterization with the aim to support the radiological diagnosis. A dataset of 226 masses has been used in the present analysis. The system performances have been evaluated in terms of the area under the ROC curve, obtaining Az = 0.80 ± 0.04.
Introduction
Breast cancer is still one of the most common forms of cancer among women, despite a significant decrease has occurred in the breast cancer mortality in the last few decades [1] . Mammography is widely recognized as the most reliable technique for early detection of this pathology. However, characterizing the massive lesion malignancy by means exclusively of a visual analysis of the mammogram is an extremely difficult task and a high number of unnecessary biopsies are actually performed in the routine clinical activity. Computerized methods have recently shown a great potential in assisting radiologists in the malignant vs. benign decision, by providing them with a second opinion about the visual diagnosis of the lesion.
The computer-aided diagnosis (CADi) system we present is based on a threestage algorithm: 1) a segmentation technique identifies the contour of the massive lesion on the mammogram; 2) several features, based on size and shape of the lesion, are computed; 3) a neural classifier analyzes the features and outputs a likelihood of malignancy for that lesion. The segmentation method is a gradient-based one: it is able to identify the mass boundaries inside a physician-located region of interest (ROI) image. The algorithm is based on the maximization of the local variance along several radial lines connecting the approximate mass center to the ROI boundary [2] . The critical points maximizing the local variance on each radial line are interpolated, thus a rough mass shape is identified. The procedure is iterated for each point inside the approximate mass, resulting in a more accurate identification of the mass boundary. The main advantage of this segmentation technique is that no free parameters have to be fitted on the dataset to be analyzed, thus it can in principle be directly applied to datasets acquired in different conditions without any ad-hoc modification. Sixteen features are computed for each segmented mass, some of them being more sensitive to the shape and some to the texture of the lesion. They are: area, perimeter, circularity, mean and standard deviation of the normalized radial length, radial distance entropy, zero crossing, maximum and minimum axes, mean and standard deviation of the variation ratio, convexity; mean, standard deviation, skewness and kurtosis of the grey-level distribution. The features are analyzed by a multi-layered feed-forward neural network trained with the error back-propagation algorithm. The classifier performances are evaluated according to the 5×2 cross validation method.
Results
In this work we present the results obtained on a dataset of 226 massive lesions (109 malignant and 117 benign) extracted from a database of mammograms collected in the framework of a collaboration between physicists from several Italian Universities and INFN Sections, and radiologists from several Italian Senological Centers [3] . Despite the boundaries of the masses are usually not very sharp, our segmentation procedure leads to an accurate identification of the mass shapes both in malignant and benign cases, as shown in fig. 1 . The performances of the neural network in classifying the features extracted from each mass have been evaluated in terms of the sensitivity and the specificity on the test sets: the average values obtained are 78.1% and 79.1% respectively. The discriminating capability of the system has been evaluated also in terms of the receiver operating characteristic (ROC) analysis (see fig. 2 ) [4] . The estimated area under the ROC curve is A z = 0.80 ± 0.04.
Conclusions
Mass segmentation plays a key role in CADi systems to be used for supporting radiologists in the malignant vs. benign decision. We developed a robust technique based on edge detection to segment mass lesions from the surrounding normal tissue. The results so-far obtained in the classification of malignant and benign masses indicate that the segmentation procedure we developed provides an accurate approximation of the mass shapes and that the features we took into account for the classification have a good discriminating power.
